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Fig. 3 
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AUTOSTEREOSCOPIC SYSTEM 

BACKGROUND OF THE INVENTION 

The invention relates to a method for the autostereoscopic 
representation of images on a screen, Wherein image infor 
mation of separate channels for a right eye and a left eye of a 
user is displayed in interleaved segments on the screen, and a 
lens array is disposed for de?ecting light emitted from the 
screen such that the image information of each channel is 
visible only for one eye of the user. 

According to the general principles of stereoscopy, an 
impression of spatial depth is generated by presenting to the 
tWo eyes of a vieWer tWo different images that shoW the same 
scene from slightly different perspectives Which re?ect in the 
parallax difference betWeen the left and right eye of the 
vieWer. 

Conventional systems for presenting different images to 
the left and right eyes of the user employ headsets or shutter 
glasses Which, hoWever, are quite disturbing for the user. 

U.S. Pat. No. 6,302,541Al describes a method ofthe type 
indicated above, Which permits to vieW autostereoscopic 
images “With the naked eye”, so that stereoscopic images can 
for example be produced on a screen of a computer monitor or 
the like. To that end, the image information of the left and 
right channels, i.e. the information intended for the left and 
right eye, respectively, of the user, is displayed on the screen 
in the form of segments, i.e. vertical stripes, Which altemat 
ingly belong to the left and to the right channel, and a lens 
array formed for example by cylindrical lenses is arranged in 
front of the screen and is carefully positioned relative to the 
pixel raster of the screen, so that the light emitted from the 
various screen pixels is de?ected such that, for a speci?c 
position of the vieWer, the information of each channel is 
visible only for one eye. A head tracking or eye tracking 
system may be employed for adapting the image representa 
tion on the screen to changing positions of the vieWer. 

This method has the further remarkable feature that each 
segment includes, in addition to image information that is 
assigned to that segment, also image information that is 
assigned to at least one adjacent segment of the same channel. 
It is therefore quite robust against minor variations in the 
position of the user, if no head or eye tracking system is used, 
and is also robust against delays in the head tracking system. 
This robustness is achieved by a redundancy in the informa 
tion displayed in each segment, so that, When the vieWing 
position is changed and, as a result, other pixels become 
visible for each eye of the user, the information displayed in 
the pixels that have become visible still ?ts into the image for 
the pertinent channel. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide an autostereo 
scopic method and system Which provide more ?exibility in 
implementing the method With different hardWare equip 
ment. 

In order to achieve this object, the method of the type 
indicated above is characterised by the steps of: 

de?ning a channel mask, as determined by the lens array, in 
a display coordinate system that has a ?xed relationship 
to the lens array, 

subjecting the channel mask to a coordinate transformation 
that corresponds to a projection of the channel mask 
from a principal plane of the lens array onto an object 
plane of the screen, With a position of the user as pro 
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2 
jection centre, thereby to assign to each pixel of the 
screen a correlation With at least one of the channels, 

storing, for each channel, a texture map containing the 
image information of that channel, 

performing a coordinate transformation that associates 
each pixel of the screen With an area in at least one of the 
texture maps, said transformation representing the 
de?ection of light from the pixel by the lens array, 

and determining the contents of each pixel on the basis of 
its correlations With the texture maps and the contents of 
the associated areas of these texture maps. 

It is a main advantage of this method that it imposes less 
strict requirements on the positional relationship betWeen the 
lens array and the pixel raster on the screen. To that end, the 
con?guration of the lens array is modelled by a channel mask 
in the softWare of the system, and this mask is then projected 
onto the object plane on the screen, by means of a central 
projection With the position of the vieWer as the projection 
centre. Then, by relating the pixels on the screen to the pro 
jected image of the channel mask, it is possible to determine 
for each pixel the channel to Which it belongs. In this Way, it 
is no longer necessary to have a ?xed relationship betWeen the 
cylindrical lenses of the lens array and the pixels that are 
visible through each of these lenses. Thus, the lens array and 
the pixel raster of the screen are uncoupled, Which has the 
great advantage that the design of the lens array does not have 
to be adapted to the pixel raster on the screen, and a given lens 
array can be used With the large variety of screens With dif 
ferent resolutions and pixel rasters. As a result, anyone Who 
has a computer With a monitor screen can utilise the invention 
just by attaching a lens array to his screen and making a feW 
adaptions, in particular for de?ning the channel mask, in the 
softWare of the system. Further, the pixel resolution of the 
screen can be increased and/or the lens siZe of the lens array 
can be reduced Without increasing the risk of mismatch 
errors. 

In the method according to the invention, once it has been 
decided to Which channel a pixel belongs, the contents to be 
displayed in that pixel are fetched from a texture map that is 
associated With the pertinent channel. The texture map may 
be thought of as a bitmap that includes the complete image to 
be displayed to one eye of the user. HoWever, the resolution 
and the aspect ratio of the texture map need not be identical 
With the resolution and aspect ratio of the screen, Which 
contributes to the portability of the softWare. The portion of 
the texture map that de?nes the contents of the pixel is deter 
mined in accordance With the optical properties of the lens 
array, so that the contents of the pixel correspond to the image 
information at the position Where the user sees this pixel 
through the lens array. This position and hence the pertinent 
location in the texture map is calculated by means of a coor 
dinate transformation the parameters of Which depend on the 
lens array that is being employed. Thus, the softWare can 
easily be adapted to different lens arrays by appropriately 
adjusting these parameters. 

It Will accordingly be understood that the method accord 
ing to the invention can ?exibly be adapted to the available 
hardWare. Moreover, since there is no strict coupling betWeen 
the properties of the screen and those of the lens array, many 
of the effects that degrade the quality of the three dimensional 
images and result from a mismatch betWeen the lens array and 
the screen can be eliminated. 
A system and a softWare product adapted to carry out the 

method according to the invention are de?ned in the indepen 
dent product claims. 
More speci?c features of preferred embodiments of the 

invention are indicated in the dependent claims. 
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The method according to the invention has suf?cient ?ex 
ibility to be adapted to a system in Which the cylinder lenses 
of the lens array are inclined relative to the pixel columns on 
the screen. Such a system constitutes a preferred embodiment 
of the invention, because, as is Well knoWn in the art, an 
inclination of the lens array helps to mitigate Moire effects 
and other errors, such as colour seams, that are related to 
transitions betWeen adjacent lenses. The coordinate transfor 
mation re?ecting the imaging properties of the lens array Will 
then be a so-called axially a?ine transformation Which has an 
invariant axis corresponding to the central axis of the cylin 
drical lens. 
An individual pixel on the screen is not necessarily 

assigned to just one of the tWo channels, but may be correlated 
With both channels. This Will be the case When the pixel is 
located on the borderline betWeen tWo channels. In that case, 
in order to mitigate transition errors, it is preferable to apply 
a ?ltering procedure Which blends the contents of the tWo 
texture maps in accordance With the correlations of the pixel 
With the tWo channels. 

In a colour display, Wherein each pixel is composed of three 
sub-pixels, the correlations With the tWo channels may be 
different for different sub-pixels of the same pixel. If the 
pixels on the channel border are visible in at least one of the 
tWo channels, these different correlations of the sub-pixels 
may give rise to colour errors, Which Will hoWever largely be 
mitigated When the lens array is inclined. In order to further 
suppress such errors, it is possible to rede?ne the pixel as a 
different triplet of sub-pixels Which Will then all have 
approximately the same correlations With the pertinent chan 
nel. Other possibilities are algorithms for “diffusing” the 
colour error onto neighbouring pixels. 

The coordinate transformations involved in both, the pro 
jection of the channel mask and the identi?cation of the 
contents of the pixel can easily be described as matrices, and 
tWo transformations performed one after the other Will then 
be described by the product of the tWo matrices. Similarly, the 
inverse of a transformation Will be described by the inverted 
matrix, and applying a coordinate transformation to a geo 
metric object corresponds to a multiplication of the corre 
sponding matrix With one or more vectors de?ning the object. 
The coordinate transformation may also include displace 
ments, but may nevertheless be described by matrices, i.e., by 
so-called homogenised matrices, Which, for a transformation 
in a three dimensional space, are speci?c 4><4 matrices, 
Wherein the matrix elements in the fourth line specify the 
translation. The advantage of describing the coordinate trans 
formations as matrix multiplications is that state of the art 
graphic cards or graphic accelerators are particularly strong 
in performing such matrix multiplications very e?iciently. 

If the position of the user is alloWed to vary, for example, 
When a head tracking or eye tracking system is employed, 
those of the coordinate transformations Which depend upon 
the position of the user Will be represented by time-dependent 
matrices. Then, it is possible and preferable to represent the 
coordinate transformations by a product of a constant matrix 
With a time dependent matrix summarising all transforma 
tions that are dependent on the position of the user. Then, only 
the time dependent matrix has to be adapted dynamically, and 
the complete transformation is obtained simply by multiply 
ing this matrix With the constant matrix Which needs to be 
calculated only once. 

The procedures involved in fetching the contents of a pixel 
from the texture masks also rely upon the particular strength 
and capabilities of modern graphic processing hardWare and 
may involve techniques that are knoWn as “mapping of tex 
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4 
tures onto geometries” or “rendering pipelines” and may be 
based on graphic interfaces such as OpenGL or DirectX, for 
example. 

Preferred embodiments of the invention Will noW be 
described in conjunction With the draWings, Wherein: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a system according to the 
invention; 

FIG. 2 is a cross-sectional vieW of a lens array, illustrating 
the light de?ecting properties thereof; 

FIG. 3 is a diagram illustrating the light de?ection proper 
ties of the lens array in a manner equivalent to that in FIG. 2; 

FIG. 4 is a front vieW of a screen and a lens array; 
FIG. 5 illustrates various coordinate systems associated 

With the lens array and the screen, as Well as a projection of a 
channel mask from the lens array onto the screen; 

FIGS. 6 and 7 are diagrams illustrating different correla 
tions of a pixel With different channels de?ned by the pro 
jected channel mask; 

FIG. 8 illustrates a coordinate transformation applied to a 
pixel for modelling the enlargement effect of the lens array; 

FIG. 9 is a diagram explaining a de?ection effect of the lens 
array; 

FIG. 10 is a diagram illustrating the combined de?ection 
and enlargement effect; 

FIG. 11 is a diagram illustrating the channel correlations of 
a colour pixel; 

FIGS. 12 to 20 are diagrams illustrating the effects of the 
method according to the invention for a speci?c example. 

DETAILED DESCRIPTION 

The system shoWn in FIG. 1 comprises a computer system 
10, e. g. a personal computer, including a graphics card 12 
Which drives a monitor 14 so as to display images on the 
screen 16 of the monitor. A lens array 18 is disposed in front 
of the screen 16, and a video camera forming part of an eye 
tracking or head tracking system 20 is attached to the monitor 
14 and communicates With the computer system 10. 
The graphics card 12 has access to tWo texture maps L and 

R that are stored in a memory of the computer system 10. The 
texture map L stores image information of a left channel, i.e. 
image information that is to be displayed to the left eye of a 
user (not shoWn) Who looks at the screen 16 through the lens 
array 18. Similarly, the texture map R stores image informa 
tion of the right channel for the right eye of the user. The head 
tracking system 20 keeps track of any movements of the head 
of the user and signals these movements to the computer 
system, Which Will then adapt the information displayed on 
the screen 16 to the changed position of the user. 

FIG. 2 is a schematic cross-sectional vieW of the screen 16 
and the lens array 18. The screen 16 may for example be a 
TFT screen comprising a TFT layer 22 that is protected by a 
?exible cover 24 With a thickness d1. The lens array 18 is 
separated from the cover 24 by an air gap 26 With a thickness 
d2 and is formed by a transparent plate having a plane back 
surface and a corrugated front surface de?ning an array of 
parallel cylindrical lenses 28. The plate forming the lens array 
18 has an overall thickness d3, measured at the apex of the 
cylindrical lenses 28. 
A number of rays 30 symbolise light rays that are emitted 

from various TFTs in the TFT layer 22 and are refracted at the 
transparent cover 24 and the lens array 18 before they ?nally 
meet in a point U Which symbolises an idealised position of a 
user or vieWer Who looks at the screen. Each of the rays 30 
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passes through an apex of one of the lenses 28. Thus, the 
points from Which the rays 30 originate in the plane of the 
TFT layer 22, the object plane 0, may be considered as the 
projections of the apex lines of the cylindrical lenses 28 When 
illuminated from a source located at the point U. 

FIG. 3 shoWs simpli?ed but equivalent diagram, Wherein 
the different refractive indices n1, n2 and n3 of the cover 24, 
the air gap 26 and the lens array 18, respectively, have been 
neglected, and, instead, the object plane 0 has been moved 
closer to the lens array 18, so that the rays 30, Which are noW 
straight, hit the object plane 0 in exactly in the same positions 
as in FIG. 2. The equivalent diagram shoWn in FIG. 3 is a good 
approximation to the real situation, if one neglects the effect 
of the ?eld curvature of the cylindrical lenses. It should be 
ob served in this context that, in practise, the distance betWeen 
the point U, i.e. the position of the user, and the screen Will be 
much larger than in FIG. 2 or 3, so that the effect of the ?eld 
curvature Will not be as pronounced as might be expected 
from FIGS. 2 and 3. 
A plane p passing through the apex lines of each of the 

cylindrical lenses Will be termed the principal plane of the 
lens array. The (?ctitious) object distance a betWeen the 
object plane 0 and the principal plane p is related to the 
refractive indices and thicknesses of the cover 24, the air gap 
26 and the lens array 28 by: 

FIG. 3 also shoWs the left and right eyes 32, 34 of the user 
and shoWs that the point U Which indicates the idealised 
position of the user is de?ned as the point on the centre of the 
line connecting the eyes 32 and 34. Further, FIG. 3 shoWs 
several light beams 36, 38, 40, 42, Which are emitted in the 
object plane 0 (corresponding to the plane of the TFTs), are 
de?ected by the lenses of the lens array 18 and then propagate 
toWards the eyes 32, 34 of the user or past the same. While the 
rays 30 are not de?ected at the lenses, because they pass 
through the centres of the lenses, the beams 36-42 are 
de?ected (and also condensed) at the curved surfaces of the 
cylindrical lenses. The beam 36 is so de?ected, that it hits the 
left eye 32 of the user. Similarly, the beam 38 is so de?ected 
that it hits the right eye 34 of the user. In contrast, the beam 40 
passes through the centre of its associated lens and is there 
fore not de?ected but only condensed and hits the point U 
right betWeen the eyes of the user. Thus, this beam, and the 
associated pixel on the screen, are not visible for the user. 
Similarly, the beam 42 is de?ected so strongly, that it passes 
by the left eye of the user, so that this beam and the associated 
pixel are not visible for the user, neither. It Will thus be 
understood that the image displayed in the object plane 0 is 
subdivided into stripes or segments that are visible only for 
the left eye 32 of the user, alternating With segments that are 
visible only for the right eye 34 of the user, and these seg 
ments Will normally be separated by “invisibility Zones” that 
are not visible at all. In particular, the Zone corresponding to 
the beam 40 separates a segment associated With the left eye 
32, and hence the left channel of the image information, from 
a segment associated With the right eye 34 and the right 
channel. 

This property of the lens array 18 is represented by a 
channel mask 44 Which divides the principal plane p into left 
channel Zones 46 (shoWn in White in FIG. 3) and right channel 
Zones 48 (shoWn in black). The apex lines of the cylindrical 
lenses form ?rst-type transitions from a left channel Zone 46 
to a right channel Zone 48. 

Since the lens array is periodic, second-type transitions are 
formed halfWay betWeen the ?rst-type transitions, coincident 
With the borders betWeen adjacent cylindrical lenses of the 
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6 
lens array 18. The fact that a beam, such as the beam 42, 
passes through a right channel Zone 46 does not necessarily 
mean that this beam is actually visible, but it only means that 
this beam comes closer to the right eye than to the left eye of 
the user. The same can be said of the right channel Zone in 
relation to the right eye 34. 
As is further shoWn in FIG. 3, the channel mask 44 can be 

projected into the object plane 0, With the position U as the 
projection centre. This results in a projected channel mask 50 
With projected right channel Zones or right channel segments 
52 and projected left channel Zones or left channel segments 
54. When a pixel in the object plane 0 and hence in the TFT 
layer 22 of the screen falls Within a left channel segment 52, 
it is associated With or correlated With the left channel, and 
When it falls Within the right channel segment 54 it is associ 
ated With or correlated to the right channel. Thus, it can be 
determined for each pixel on the screen to Which channel it 
belongs, i.e. by Which eye it Will be seen or Would be seen if 
it could be seen at all. 
The distance from the user to the screen is considered to be 

optimal When the invisibility Zones at the ?rst-type transitions 
and the invisibility Zones at the second-type transitions have 
equal Widths. When the user retreats further from the screen, 
the ?rst-type invisibility Zones Will shrink and Will eventually 
vanish, at the very moment When the divergent beam 40 hits 
both eyes 32, 34 of the user. Conversely, When the user 
approaches the screen, the second-type invisibility Zones (as 
symbolised by the beam 42) Will shrink and eventually van 
ish. When one type of invisibility Zones vanishes, the left and 
right channels are no longer completely separated, i.e. some 
pixels or parts thereof are visible With both eyes. 
When the user moves to the left or right in FIG. 3, the 

projected channel mask 50 Will shift in the opposite direction, 
but this can be compensated for by shifting the image dis 
played on the screen by the same amount. If no head or eye 
tracking system is present, the image Will of course preferably 
be displayed in such a position that it can optimally be vieWed 
by a user that is located right in front of the centre of screen. 
As can further be seen in FIG. 3, the projected channel 

mask 50 is enlarged in comparison to the channel mask 44. 
HoWever, this enlargement is due only to the projection, i.e. 
the divergence of the rays 3 0 and is not related to the enlarging 
properties of the individual cylindrical lenses. 
As is shoWn in FIG. 4, the cylindrical lenses 28 of the lens 

array 18 are not arranged strictly vertical, but form a certain 
angle 0t With the vertical pixel columns of the screen. The 
method according to the invention can deal With any desired 
angle 0t. A preferred choice for the angle 0t is arc tan(1/3)El 8, 
43°. 

FIG. 4 further shoWs three different coordinate systems: a 
screen coordinate system (SCS) With the axes SCSx and 
SCSy, having its origin in the top left comer of the screen 16, 
a display coordinate system (DCS) With the axes DCSx, 
DCSy and its origin in the centre of the screen, and a user 
coordinate system (UCS) With the axes UCSx, UCSy and its 
origin also in the centre of the screen. The display and user 
coordinate systems DCS and UCS are three-dimensional 
coordinate systems having a Z-axis normal to the plane of the 
draWing in FIG. 4. Their origin is located in the principal 
plane p. 

FIG. 5 is a perspective vieW of the principal plane p and the 
object plane 0 and shoWs also the Z-axis DCSZ of the display 
coordinate system. Further, this ?gure shoWs a position vec 
torV pointing from the origin of the UCS to the position of the 
user, i.e. the point U in FIG. 3. The channel mask is symbol 
ised here by a square C, and the projected channel mask is 
symbolised by a square K in the object plane 0. It Will be seen 










